The rate of soil moisture depletion from field capacity to permanent w i 1 tin g percentage (PWP) is an important phenomenon of the soil-water-plant system.
Its importance is not confined to the interest of the soil scientist and plant physiologists; it also attracts the attention of plant growers and managers, preoccupied with increasing plant yields.
Thus, range managers, interested in producing the highest amount and best quality of for-1 The present study was carried out in Berkeley under the sponsorship of the National Academy of Sciences, Washington, D.C., to which I age from their land, are very much concerned with the depletion of available soil moisture. That problem is of greatest practical importance in areas of typically Mediterranean climate, where the winter rainy season is followed by a long dry period. 
Literature Review
The issue of soil moisture depletion through evapotranspiration has been a controversial one for many years. A detailed analysis of it would be outside the scope of this paper.
In general, there are four models of depletion curves supported by different specialists:
Soil moisture depletion rate is constant from field capacity down to PWP (Viehmeyer and Hendrickson, 1955, 1961) .
Depletion
rate of soil moisture is almost constant for about the first eighty percent of available moisture, a n d then decreases rapidly (Gardner 1960) .
3. Soil moisture depletion is exp o n e n t i a 1 (Thornthwaite 1954 (Thornthwaite , 1955 (Thornthwaite , 1957 production when plotted against number of days the soil moisture content was below the permanent wilting point.
Methods
In the annual grassland type of the California coastal range a cluster of three plots, 6 x 6 in. each, was established in 1959 in pastures representing three intensities of grazing:
(1) None; (2) Light; and (3) Heavy. The three plots were about 15 meters apart, and the soil was the same for all three.
Each plot was divided into 225 little squares (40 x 40 cm), five of which were selected at random and used for soil moisture sampling. The procedure was repeated seven times throughout the year. From each little square a profile sample was taken; this was divided into four depth segments:
( to September 1960, was randomly made from the beginning of the experiment; provision was made to avoid contiguous sampling squares in each of the three plots.
Physical Conditions
The climate of the studied area is typically Mediterranean. The long term annual pecipitation is 595 mm (23.35 inch). During 1959, and 1960 when the present study was carried out, total rainfall was 663.13 mm (26.3 inches) distributed about normally. Ordinarily, temperatures do not vary much during the year; the coldest month (January) averages 9.5"C, (49.1"F.) and the warmest one (September) 17.3"C (63.1"F). Temperatures during the period of main plant growth are very even (from 12.9"C (55.2"F) to 15.6"C (60.1 OF) based on long term averages).
The vegetation of the three plots was composed primarily of annual grasses and broad leaved species. Some perennial forbs also occurred. In the ungrazed plot only perennial grasses were found in considerable number.
The soil was a Los Osos clay loam of 80-95 cm in depth, developed on sandstone. It was classified as a non-calcic brown grassland soil with some rendzina-like characteristics.
Findings-Discussion
Soil drying, following the win-69 ter rainy period, which coincided with the main plant growth season, proceeded differently in the three plots subjected to different intensities of grazing. However, drying of the upper 25 cm layer was similar in all three cases (Figures 1, 2, and 3 ). This seems very reasonable since the root systems of the plants in all plots were equally well developed to that depth. The differences in rate of depletion and in total amount of water lost were due to different depletion rates in the lower soil layers (Figures 1, 2,  3 ). In the case of the ungrazed plot, the moisture depletion rate was almost equal throughout the whole profile (Figure 3 ). Soil moisture on July 18, 1960, was unexpectedly high. Only two samples were taken from the lowest layer of 50 cm due to the occurrence of rock in the other three squares, and these were extremely high in moisture. gave a constant depletion rate in all four soil layers. Therefore, considering the s o i 1 moisture sampling of the fourth layer made on July 18, 1960 'as biased, a correction was made by extrapolation of the depletion curve (Figure 3 , 67.5 cm corrected). Soil drying in the lower layers of the lightly grazed plot was between the two extremes, but closer to the ungrazed plot. This seems reasonable also, given that the plant roots were well developed under light grazing and yet the shoots had a fair amount of transpiring surface; so they withdrew the soil moisture from deeper layers rather effectively.
Moisture depletion throughout the entire profile (90 cm) , as a function of time in days, was found to be of the exponential form in all three cases. This was true for the four depths of the soil profiles (Figure 1,2,3) , with the exception 'of the 67.5 cm depth of the heavily grazed plot, in which there was practically no moisture loss.
Analysis of the data demonstrated that soil moisture during the depletion phase could be predicted at any time following the field maximum by the equation
where: Qt = soil moisture depth in mm at time t in days Q0 = soil moisture depth in mm at time 0 , field maximum. The rate of depletion varied with grazing intensity. The constant k was found to be .00421, 00925, and .00683 for the heavily, lightly, and ungrazed plots, respectively (Figure 4) .
In the heavily grazed plot evapotranspiration losses by the dominant annual plants (mainly bear clover and Red-Stem filaree) were intense but, because of the continuous mutilation of area1 parts and the consequent reduced root mass and length, those losses were considerably reduced considering the whole soil profile. In cont r a s t , the evapotranspiration losses from the lightly grazed plot were the greatest with the fast growing a n d intensively transpiring annual plants. On the other hand, evapotranspiration losses were smaller on the ungrazed plot because the growth and activity of perennial grasses in the composition were delayed in the spring as compared with annuals. The drying period was consequently longer due mainly to the activity of the deeply rooted grasses. Soil moisture depletion was eventually complete even in the lowest layer ( Figure  3) * Following the period of intense plant growth, which coincides with the time the soil moisture is close to the PWP (beginning of June for lightly grazed plots and July for the protected ones, the rate of soil drying was very low. It increased gradually from the heavily to the lightly and ungrazed plots In the case of heavy grazing the depletion was due only to evaporation losses. (The same rate constant was found for the summer evaporation losses from barren soil in the depth of 3" by P. Zinke, 1959) . The presence of still living and deeply rooted perennials in the lightly grazed and ungrazed plots, on the other hand, caused some transpiration losses. These losses were slightly greater under no use, whereas the constant r a t e s k were comparatively higher (Figure 4) .
During the soil moisture depletion period in 1959-60, scattered showers amounting to 112 mm. were received on the experimental plots from March 15 to May 31. Those showers did not affect or disturb the constant rates of the exponential deplet i o n. Apparently, when the showers were 3: e c e iv e d, the actual rates of soil moisture depletion w e r e temporarily increased to a level corresponding to a higher soil moisture content, but very soon afterward the rates returned to the long period constant rate. The same explanation has been given by others (U.S. A.E. Exp. Station 1959). Figure 5 shows the constant rates k of soil moisture depletion when rain for the period is added to the soil moisture storage losses between samplings. It is important to notice that even in this case the depletion curves keep the exponential form. The calculated increases of the rate constants are proportional to the percent of soil moisture loss increase, as affected by the addition of the rain received during the depletion period. Table  I shows t h e respective figures. With the exception of the lightly grazed plot, the percent increase of the rate constants is very close to the percent increase of evapotranspiration losses as affected
